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SYSTEM AND METHODS TO DETERMINE
THE SETTINGS OF MULTIPLE LIGHT
SOURCES IN A VISION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of Invention

This 1nvention relates to lighting systems for vision
systems.

2. Description of Related Art

The light output of any device 1s a function of many
variables. Some of the variables include the instantaneous
driving current, the age of the device, the ambient
temperature, whether there 1s any dirt or residue on the light
source, the performance history of the device, etc. Machine
vision Instrument systems typically analyze features or
objects within their field of view using methods which may
determine, among other things, the contrast within the
region of interest where the features or objects may be
found. To some degree, this determination 1s affected by the
character of incident light or transmitted light.

A machine vision system programmer or operator often
wishes to 1lluminate a workpiece so as to achieve a specific
image characteristic. The 1mage characteristic may be a
specific average gray level value 1n a region of interest or a
goal such as to maximize the difference 1n average gray level
between various regions ol interest, or to maximize a
oradient within a region of interest. More generally, the
desired characteristic may be a complex series of goals
defined across an 1mage scan line.

In many applications, the relationship between the 1mag-
ing subsystem and the workpiece under mspection 1s pre-
dictable. In such applications, the predictability of the situ-
ation allows a simple form of reproducible lighting control.
As 1llustrated 1 U.S. Pat. No. 5,753,903 to Mahaney, for
example, closed-loop control systems are used to ensure that
the output light intensity of a light source of a machine
vision system was driven to a particular command level.
These conventional closed-loop control systems prevent the
output light intensity from drifting from the desired output
light intensity due to variations in the instantaneous drive
current, the age of the light source, the ambient temperature,
or the like. Accordingly, 1t 1s possible to determine a level for
a single, spatially fixed 1llumination source and an actual
workpiece.

However, even when such a simple form of reproducible
lighting control 1s possible, performing a search for an
optimal light source setting can become problematic because
cach of the steps of light adjustment, acquisition of each
video frame, and evaluation of each video frame, requires a
finite period of time. In particular, common halogen lights
require a period of time to stabilize their output after their
current drive 1s altered. Thus, although there are several
conventional approaches to choose a satistactory light for a
ogrven workpiece and a single fixed light source, there may
be some associated delays which reduce the available
throughput of the associated vision system.

Methods are also known for creating macroscopic syn-
thetic 1mages through so-called “image fusion” of an 1llu-
mination series. These methods generally deal with cases
where different sub-regions of an object cannot simulta-
neously be adequately illuminated, yet it 1s desirable to
combine the different sub-regions 1nto a single macroscopic
image of a region of interest that 1s everywhere adequately
illuminated. Such macroscopic images can give an enhanced
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qualitative view of an object. In such methods, an 1llumi-
nation source 1s systematically varied. A series of images of
the region of interest are acquired. Then, for each sub-
region, the “best” 1mages from the series are determined,
“fused”, and combined 1nto a macroscopic synthetic image
that 1s presumably everywhere well-1lluminated.

It 1s noteworthy that, in such methods, selecting the
illumination settings for each of image the 1llumination
serics 15 considered problematic.

Thus, an exhaustive, systematic variation of hardware
lighting settings and image acquisition 1s performed to
ensure that at least one acceptable 1mage of each sub-region
1s obtained. Such a systematic variation 1is little more than a
conventional trial and error approach, which 1s time con-
suming and mmappropriate for many types of vision system
operations where higher throughput i1s beneficial.

Furthermore, this method 1s not well-suited to achieve the
most desirable image of any particular sub-region, since one
of a reasonable number of brute-force systematic variations
1s unlikely to precisely coincide with the most desirable
illumination settings for any particular sub-region. This 1s
particularly unlikely 1f a number of different light sources
are considered. Yet, for many machine vision applications,
achieving the most desirable settings for a particular sub-
region 1s the most 1important consideration.

Additionally, the complicated “fusion” process may pro-
duce unexpected results 1n the synthetic image. These unex-
pected results are generally not acceptable for applications
requiring precise quantitative analysis of features on an
object.

SUMMARY OF THE INVENTION

Thus, considering the problems of throughput, quantita-
five accuracy 1n the final image, and the ability to adapt to
a variety of unpredictable workpiece features and
conflgurations, conventional methods do not offer a reason-
able solution for determining the most desirable 1llumination
setting for a region of 1nterest. This 1s particularly true when
using multiple 1llumination sources. This problem 1s par-
ticularly significant in the design of a fully automated
off-line part program generation system.

Thus, there 1s a need for a method for precisely acquiring
an 1mage regardless of the overhead, or time consumption,
involved, and that achieves the desired 1mage characteris-
tics. Such a process could implement the use of a standard
or novel search technique to search the problem landscape
for the desired illumination setting, that is, the lighting
settings for each of the various lighting sources. Currently,
the main problem associated with conducting a trial and
error search for a desirable combination of multiple light
source settings 1s the overhead associated with changing the
output power of each lamp and waiting for the trial images
to be acquired and evaluated.

This 1nvention provides systems and methods that allow
a vision system to search for a desirable combination of
multiple light source settings 1n a relatively short time.

This mvention separately provides systems and methods
that allow a vision system to identily a most desirable
combination of multiple light source settings for any of a
variety of feature analyses that are reliable, robust, and
readily adaptable.

This mvention separately provides systems and methods
that stmulate the effects of combinations of multiple light
sources on an object to be viewed.

This 1nvention further provides systems and methods that
simulate the effects of multiple light sources on the object by




US 6,627,863 B2

3

sampling the actual effects of individual light sources on a
number of intensity levels on the object.

This mvention further provides systems and methods that
sample 1ntensities for single light sources and combine the
interpolated results.

This mvention further provides systems and methods that
allow simulations of actual lighting effects of multiple
lighting sources on an object to be generated based on
discretely sampled intensity levels of each of the multiple
light sources.

This mvention further provides systems and methods that
allow simulations of actual lighting effects of multiple
lighting sources on an object to be generated based on
relatively few discretely sampled mtensity levels of each of
the multiple light sources.

In various exemplary embodiments of the systems and
methods according to this invention, an actual object to be
viewed using the vision system 1s placed within the overall
field of view of the vision system. Depending on the desired
analysis to be made, either the enfire object, or a specific
portion of the object including a region of interest, 1s
illuminated using an 1llumination setting including at least
one of the various 1llumination sources of the vision system.
A plurality of actual images of the object, or of the particular
portion of the object, are captured, where each captured
image 1s 1lluminated using a different illumination 1ntensity
of at least one such 1llumination source. This 1s repeated as
necessary for the different 1llumination sources provided 1n
the vision system. In various exemplary embodiments of the
systems and methods according to this invention, each
illumination source 1s used and varied independently of
other sources, 1n the above process.

A simulation 1s performed to determine the effects of the
multiple lighting sources on the object, or on the particular
portion of the object, using any combination of the various
lighting sources and using any combination of output inten-
sities of the lighting sources. In order to direct the simulation
toward the desired end, a user defines or selects a particular
desired metric that 1s relevant to the analysis to be performed
on the captured 1mage of the object, or the portion of the
object. The user also defines the specific portion of the image
data of the captured image of the object, or the desired
portion of the object, to be used. A combination of the
multiple lighting sources 1s selected for simulation, as 1s a
particular driving intensity for each of the lighting sources.
If, for any selected lighting source, that lighting source 1is
driven at a level that does not exactly correspond to one of
the captured images for that lighting source, the intensity of
that lighting source at the selected driving value 1s mterpo-
lated between the two or more of the actual values.

The resulting interpolated simulated images are then
summed, on a pixel-by-pixel basis, to determine the net light
intensity received from the object by the image capture
device if the actual object were to be actually 1lluminated
using the various selected lighting sources driven at the
selected driving values. The resulting pixels of the simulated
image that correspond to the pixels selected for analysis can
then be evaluated to determine 1f the selected lighting
sources and the selected drive values for those lighting
sources result 1n the desired quality of illumination of the
actual part, were that part actually illuminated, at the
selected drive values, using the selected lighting sources.

For example, 1n various exemplary embodiments, the user
can define, as the metric, to maximize the largest peak
oradient 1n the scan line of interest. Another 1mage charac-
teristic metric can be to maximize the height of an edge peak
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while minimizing overall variation, 1.¢., texture, along a scan
line. Depending on the metric chosen, various different
scarch methods can be used during or following the
simulation, ranging from simple to more complex methods.
Furthermore, the search can be enhanced based on prior
knowledge, 1.e., the part being opaque and blocking the
stage light.

In contrast to the previously discussed conventional
methods, 1n various exemplary embodiments of the systems
and methods according to this invention, slow hardware
trial-and-error procedures are reduced, minimized or
avolded completely. The previously known methods
acquired an extensive 1mage series to create final synthetic
image. This final synthetic image 1s likely to be no better
than the best previous image i1n the series in a particular
sub-region of interest, and which 1s of dubious value for
precise quantitative feature analysis. In contrast to these
conventional methods, the systems and methods according
to this mvention acquire a relatively limited set of 1mages,
to rapidly determine hardware settings usable to acquire a
final real image. These hardware settings may be selected for
precise quantitative feature analysis in a particular sub-
region of interest of the final real 1mage.

These and other features and advantages of this invention
are described 1n, or are apparent from, the following detailed
description of various exemplary embodiments of the sys-
tems and methods according to this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments of this invention will be
described 1n detail, with reference to the following figures,
wherein:

FIG. 1 a block diagram of one exemplary embodiment of
a vision system having a light intensity control system
according to this invention;

FIG. 2 1s a flowchart outlining a conventional method for
determining multi-channel lighting settings;

FIG. 3 illustrates an exemplary 1mage and one exemplary
embodiment of an 1mage quality tool usable 1n conjunction
with various embodiments of the systems and methods
according to this invention;

FIG. 4 1s a flowchart outlining a first exemplary embodi-
ment of a method for determining multi-channel lighting
settings according to this mvention;

FIG. § 1s a flowchart outlining in greater detail one
exemplary embodiment of the method for acquiring data of
the actual object to be viewed using the determined lighting
settings according to this invention;

FIG. 6 1s a flowchart outlining in greater detail one
exemplary embodiment of the method for simulating image
data according to this mnvention; and

FIG. 7 1s a flowchart outlining a second exemplary
embodiment of a method for determining multi-channel
lighting settings according to this invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

For simplicity and clarification, the operating principles,
and design factors of various exemplary embodiments of the
systems and methods according to this invention are
explained with reference to one exemplary embodiment of a
vision system 100, as shown 1n FIG. 1. The basic explana-
tion of the operation of the vision system shown in FIG. 1
1s applicable for the understanding and design of any vision
system that incorporates this invention. Although the sys-
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tems and methods of this mmvention are described 1n con-
junction with this specific vision system 100, the systems
and methods according to this invention can be used with
any other known or later-developed vision system.

FIG. 1 shows a vision system 100. As shown 1n FIG. 1, the
vision system 100 includes a vision system components
portion 110 and a control portion 120. The control portion
120 includes elements, including a property memory portion
141 described below, which constitute a light intensity
control system usable 1n accordance with this invention. The
control portion 120 further includes elements, icluding a
part program executor and/or generator 170 described
below, which constitute a control instruction generation
system usable 1n accordance with this invention.

The vision system components portion 110 includes a
stage 111 having a central transparent portion 112. A part
102 to be 1maged using the vision system 100 1s placed on
the stage 111. The light from a number of different light
sources 115-118 passes through a lens system 113 after
illuminating the part 102, and possibly before 1lluminating
the part 102, and 1s gathered by a camera system 114 to
ogenerate an 1mage of the part 102. The light sources used to
illuminate the part 102 include a stage light 115, a coaxial
light 116, and/or a surface light, such as a ring light 117 or
a programmable ring light 118.

Each of the lights sources 115-118, separately, or in
combination, constitute a controllable lighting system. It
should be appreciated that any one of the various light

sources 115118 described above can include a plurality of

different colored light sources. That 1s, for example, the
stage light 115 can include a red light source, a green light
source and a blue light source. Each of the red, blue and
oreen light sources of the stage light 115 will be separately
driven by the power source 190, and may be considered as
a separate source 1n various embodiments of the systems and
methods according to this invention.

It should also be appreciated that, if a focusable light
source or a movable light source 1s included m the control-
lable lighting system, then, 1n various alternative exemplary
embodiments of the systems and methods according to this
invention, various discrete positions of the focusing element
or discrete positions of the movable light source may be
treated as separate light sources, 1n order to 1dentify the most
desirable lighting focus, or movable light position. It should
be appreciated that any combination of known or later
developed single-color, multi-color, fixed, moveable and/or
focusable light sources may be used 1n conjunction with this
invention without departing from the spirit and scope of the
invention.

In general, all of the previously described controllable
aspects of the various light sources included 1n the control-
lable lighting system are described by, and/or governed by
an 1llumination setting. The illumination setting describes
and/or determines the particular 1llumination configuration
which 1s used to capture an associated 1mage. In various
exemplary embodiments, the illuminating setting may be
represented as a lighting vector.

The 1image captured by the camera 1s output on a signal
line 131 to the control portion 120. As shown 1n FIG. 1, the
control portion 120 includes a controller 125, an input/
output interface 130, a memory 140, a part program executor
and/or generator 170, an input light intensity command
value transformer 180, and a power supply 190, ecach
interconnected either by a data/control bus 136 or by direct
connections between the various elements. The signal line
131 from the camera system 114 1s connected to the mput/
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output interface 130. Also connected to the input/output
interface 130 can be a display 132 connected over a signal
line 133 and one or more 1nput devices 134 connected over
one or more signal lines 135. The display 132 and the one
or more mput devices 134 can be used to view, create and
modify part programs, to view the images captured by the
camera system 114 and/or to directly control the vision
system components 110. However, it should be appreciated
that, 1n a fully automated system having a predefined part
program, the display 132 and/or the one or more input

devices 134, and the corresponding signal lines 133 and/or
135 may be omitted.

As part of the memory 140, the part program memory
portion 144 stores one or more part programs used to control
the operation of the vision system 100 for particular types of
parts. The 1mage memory portion 145 stores 1mages cap-
tured using the camera system 114 when operating the vision
system 100. Furthermore, a region of interest definition
memory portion 143 contains data defining the location of
the region of interest within the captured region, including
the parameters of a measurement tool, such as the image
quality tool 300 shown 1n FIG. 3. The image quality tool 300
of FIG. 3 1s described 1n greater detail below.

In the vision system 100, a previous setting memory
portion 142 stores previous settings for the various light
sources 115—118 that were 1n place prior to the part program
executor and/or generator 170 adjusting one or more of the
light sources 115-118. A property memory portion 141
stores data identifying the light source or sources that will be
adjusted to obtain the desired 1mage quality, data defining
the operation mode for operating the various light sources
115118, data defining the 1mage quality that 1s to be used
as the metric for determining whether the identified light
source(s) to be used to illuminate the part 102 need further
adjusting, and data defining whether the 1mage data in the
regions of interest 1s to be filtered.

It should be appreciated that the foregoing description of
the vision system 100 used with this invention generally
describes an automatic program operation. However, the
vision system 100 used with this invention may also operate
substantially the same when the 1llumination commands are
1ssued manually through one or more input devices 134
during manual or stepwise operation of the vision system
100. Furthermore, although the vision system 100 1s capable
of adapting various parameters, this following discussion
assumes that the configuration of the imaging system and the
workpiece under mspection 1s already known or predictable.
In addition, any focus conditions are assumed to have been
met, and position and orientation of the lighting sources are
fixed relative to the object or part 102.

When a machine vision system programmer wishes to
illuminate a specific workpiece mounted on the stage 111,
such as the part 102, to capture an 1mage of that part, where
the captured 1mage has one or more specilic 1mage
characteristics, the programmer would operate the vision
system 100 to create a part program and typically select and
define a number of specific image measurement or analysis
tools which govern particular 1mage analysis tasks. One
exemplary 1mage analysis tool, described for purposes of
illustration herein, 1s the image quality tool 300 shown 1n
FIG. 3, described 1n greater detail below.

More generally, when a measurement tool 1s set up by the
operator during part programming, the scan line or area of
the captured image used to determine the required measured
value 1s defined 1n the tool. In particular, the part program
will cause the vision system 100 to manipulate the stage 111
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and/or the camera system 114 such that a particular portion
of the part 102 1s within the field of view of the camera
system 114 and at a desired focus state. The part program
executor and/or generator 170 would then, under the control
of the controller 125, command the camera system 114 to
capture an 1mage of the part 102 and output the captured
image to the control system 120. The control system 120 will
then, under the control of the controller 125, mput the
captured 1mage through the input/output mterface 130 and
store the captured image in the captured 1mage storage
portion 145 of the memory 140. The controller 125 will then
display the captured image on the display device 132.

In order to determine the one or more lighting conditions
that allow an 1image of the part 102 to be captured such that
the captured image has the one or more desired image
characteristics using the part program in the vision system
100, it 1s conventional to systematically vary the lighting
conditions until the desired 1mage characteristics are
obtained. FIG. 2 1s a flowchart outlining a conventional
method for determining multi-channel lighting settings that
allow an 1mage having the desired 1mage characteristics to
be captured. In this conventional method, actual video data
1s analyzed for each set of lighting settings.

After beginning the method 1n step S100, control contin-
ues to step S103, where an 1mage region of interest and/or
an 1mage characteristic tolerance value 1s defined. A toler-
ance value would 1ndicate the range of 1image quality values
that are acceptable and thus require no further adjustment of
the lighting settings of the selected one or more light
sources. Next, in step S105, a lighting vector L, 1.e., the set
of lighting settings for the one or more light sources, is
initialized. The lighting vector L contains one entry for each
light source, and each entry corresponds to the lighting
power output by that light source. As previously discussed,
various color sources within a light source, or other sepa-
rately positioned and controllable sources within a light
source, may be regarded as separate light sources. Then, 1n
step S107, the lighting power outputs of the light sources of
the vision system 100 are set to the level defined in the
lighting vector L. Control then continues to step S109.

In step S109, a determination 1s made whether the light
sources have reached a steady state. This 1s done, for
example, with halogen light sources, which require a period
of time to stabilize their 1llumination power output after their
drive current 1s altered. If, 1n step S109, the lights have not
reached a steady state, control jumps back to step S109 until
all of the lights have reached a steady state. Once all of the
light sources have reached steady state, control continues to
step S111, where an 1mage containing the 1mage region of
interest I 1s captured. Then, 1 step S113, the region of
interest I 1s analyzed to determine a value of an objective
function f(I). In various exemplary embodiments, the result-
ing value 1s a scalar output. Next, 1n step S115, a determi-
nation is made whether or not the objective function f(I) is
within the selected, or alternatively within a predetermined,
tolerance. If the objective function f(I) is within the selected
or predetermined tolerance, control jumps to step S119.
Otherwise control continues to step S117, where the lighting
vector L 1s modified.

In contrast, 1n step S119, the current lighting vector L 1s
returned as a lighting vector that 1s able to 1lluminate the part
102 such that an 1mage having the desired 1mage character-
1stics can be captured. Then, 1n step S121, the method ends.

In contrast to the foregoing conventional method based on
hardware control adjustments and actual 1mage acquisition,
in the systems and methods according to this invention, the
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one or more lighting conditions that allow the part 102 to be
captured with one or more desired 1mage characteristics are
determined by varying the lighting conditions 1n a virtual
simulation, and analyzing the simulated video data. FIG. 4
1s a flowchart outlining a first exemplary embodiment of a
method according to this invention that uses stmulated video
data to determine the multi-channel lighting settings that
allow an 1mage having desired 1mage characteristics to be
captured.

After beginning 1n step S200, control continues to step
S300, where the 1image region of interest and/or the 1image
characteristic tolerance value 1s defined. Next, 1n step S400,
a number of base 1images are acquired, where, 1n various
exemplary embodiments, each base 1image 1s generated by
illuminating the part 102 using a single one of the various
light sources that 1s driven at one of a number of discrete
power levels. Control then continues to step S500.

In step S500, a lighting vector L for the stmulated image
1s mitialized. In general, the lighting vector L contains one
entry corresponding to each controllable aspect of each
included light source. In general, the lighting vector L
contains at least one entry corresponding to the lighting
power output by each included light source. As previously
discussed, various color sources, or other separately posi-
tioned and controllable sources, within a light source, as
well as various discrete positions, or focus configurations, of
a positionable or focusable light source, may be regarded as
separate light sources. Control then continues to step S600.

In step S600, a stmulated 1mage having one or more of the
light sources illuminating the part 102 is created for at least
the region of interest, based on combining various ones of
the acquired base 1mages based on the current lighting
vector L. Next, 1n step S700, the region of interest I of the
simulated 1mage 1s analyzed to determine a value of an
objective function f(I). Then, in step S800, a determination
is made whether the objective function f(I) is within the
selected or predetermined tolerance. If the objective func-
tion f(I) 1s not within the selected or predetermined
tolerance, control continues to step S900. Otherwise, control
jumps to step S1000.

In step S900, the lighting vector L 1s modified. Control
then returns to step S600. In contrast, in step S1000, once the
objective function Jf(I) is within the selected or predeter-
mined tolerance, the current lighting vector L 1s returned as
a lighting vector that 1s able to illuminate the part 102 such
that an 1mage having the desired 1mage characteristics can
be captured. Then, in step S1100, the method ends.

It should appreciated that a stmulated 1mage can have a
variety data representations. Furthermore, various evalua-
tions which determine whether a desired 1mage character-
istic 1s achieved for a particular image, or simulated 1mage,
may require only part of the data conventionally expected to
constitute a simulated 1mage, or only particular meftrics
extracted from that data.

Various exemplary embodiments of the systems and
methods according to this invention are described herein as
ogenerating a simulated 1mage as the 1image result which 1s
cvaluated. In various other exemplary embodiments,
however, the 1mage result may be in a variety of forms not
ogenerally recognized as a simulated image. For example,
depending on the desired image characteristic to be
achieved, an objective function, or another form of image
result, may be computed directly from the base 1mages and
a lighting vector without needing to represent or generate a
simulated image. Provided that such image results are usable
to determine whether a particular illumination setting
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achieves a desired 1mage characteristic, such 1mage results
are 1ncluded 1n the scope of the term “generates a simulated
image” and are otherwise within the scope of the systems
and methods according to this invention.

FIG. § 1s a flowchart outlining 1n greater detail one
exemplary embodiment of the method for acquiring data as
described 1n FIG. 4. Beginning in step S400, control con-
finues to step S401, where the total number of lighting
sources being characterized 1s set to the number of different
light sources that the user wishes to use to illuminate the part
102, or, alternatively, to a default condition defined accord-
ing to the vision system lighting configuration, and a first or
next one of light sources to be measured 1s selected as the
current light source. Next, in step S403, a current light
intensity value 1s set to a predetermined 1nitial value. For
example, the 1nitial light 1ntensity value can be set to zero
percent. Then, 1n step S405, the current light source 1s driven
to obtain the light output intensity designated by the current
light intensity value. Control then continues to step S4407.

In step S407, an 1mage of the part 102 containing the
image region of mterest I, illuminated using the current light
source and current light intensity value, 1s captured and
stored 1n memory. Then, 1in step S409, the light output
intensity value 1s increased by a predetermined or selected
light intensity increment.

Next, 1 step S411, a determination 1s made whether the
light output intensity value for the current light source is
orcater than a selected or predetermined level. If the light
source output intensity value for the current light source 1s
not greater that the selected or predetermined level, then
control jumps back to step S405. Otherwise, if the light
output 1ntensity value for the current light source 1s greater
than the selected or predetermined level, control continues
to steps S413. In various embodiments, the mmventors have
determined that eight discrete light output intensity values
provide a sufficient characterization for most light sources
and that three or fewer discrete light output intensity values
provide a sufficient characterization for certain light sources
under certain operating conditions and/or certain assump-
tions based on knowledge of the light source behavior. In
step S413, a determination 1s made whether all of the light
sources have been selected as the current light source. It all
of the light sources have not been selected, then control
returns to step S403. Otherwise, control continues to step
S415, where control returns to step S500.

When determining the additive effects of each source, the
light sources can be assumed not to modify the reflectivity
function of the part 102. Also, any image acquisition defects,
such as, for example, blooming and the like, can be 1gnored.
Under these conditions, the light measured at a pixel may be
described as:

j‘r('-""::f y)=Rw0rkpfecE(x1 y)XLcﬂax(xJ y) +R (x:f y)XL

(xl' y)_l_RWUrkpiece(xJ y)XLring(xJ y)

workpiece siage

(1)

where:

[ (x, y) is the image value of a pixel (X, y) in the simulated
Image;

R (x, y) 1s the scalar reflectivity of the material corre-
sponding to the pixel at the coordinates (X, y); and

L, (X, y) is the contribution of the n” light source to the
material location corresponding to image coordinate (X,
y)-

Eq. (1) demonstrates that a video scan line created by any
combination of the light sources can be realistically pre-
dicted. Thus, the simulated video scan line can be sufficient
to determine one or more lighting conditions that allow an
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image of a part to be captured using multiple light sources,
such that the captured image has the one or more desired
image characteristics. The mventors have verified that this
procedure can be used to determine the light settings for real
images of regions of interest, and that the resulting 1images
support precise quantitative analysis of the features and
characteristics of a variety of objects.

FIG. 6 1s a flowchart outlining in greater detail one
exemplary embodiment of the method of creating the simu-
lated 1mage, from one or more of the light sources 1llumi-
nating the part 102, as described in FIG. 4. Beginning in step
S600, control continues to step S601, where the region of
interest, a listing of sources and the current lighting vector
L for each lighting source, 1s identified or defined. Next, 1n
step S603, the total number of pixels that the user wishes to
simulate 1s 1dentified or determined. Then, 1 step S605, the
total number of lighting sources being combined 1s set to the
number of different light sources that the user wishes to use,
or, alternatively, to a default condition defined according to
the vision system lighting configuration, or to an otherwise
prescribed set of light sources. Control then continues to step
S607.

In step S607, the first or next pixel to be simulated 1s
selected as the current pixel. Then, in step S609, an 1nitial
pixel image value 1s set for the current pixel to be simulated.
Next, 1n step S611, the first or next light source 1s selected
as the current light source of the set of light sources listed 1n
step S601. Control then continues to step S613.

In step S613, a current 1mage value 1s determined for the
current pixel to be simulated, for the current light source
when driven based on the current lighting vector L. In
particular, 1n various exemplary embodiments, 1f the current
lighting vector L indicates a light intensity for the current
light source that corresponds exactly to that of one of the
previously-acquired base images, then the 1image value for
the current pixel 1s equal to the image value for that pixel in
that corresponding acquired base 1mage. In contrast, in
various exemplary embodiments, 1f the current lighting
vector L value for the current light source does not exactly
correspond to that of one of the previously-acquired base
images, one or more of the previously-acquired base 1mages
having intensity values that lie on each side of the light
intensity value for the current light source defined i the
current lighting vector L are selected. Then, the 1mage value
for the current pixel 1s determined by interpolating between
the 1mage value for the corresponding pixels 1n the selected
previously-acquired base images for the current pixel based
on the light intensities of these previously-acquired base
images and the light intensity of the current light source
defined 1n the current lighting vector.

Of course, 1t should be appreciated that, rather than using
just the 1mmediately adjacent previously-acquired base
images, any combination of one or more of the previously-
acquired base 1mages can be used to determine the 1mage
value for the current pixel when the light intensity for the
current light source, defined in the current lighting vector L,
does not exactly correspond to the light intensities for any of
the previously-acquired base images. It should further be
appreciated that, in various exemplary embodiments, the
image value for a corresponding pixel in a previously-
acquired base i1mage can be used without change, as a

reasonable approximation, even though the light intensity
for that base 1image does not exactly correspond to the light

intensity for the current lighting source defined 1n the current

lighting vector L. This 1s particularly useful if the two light
intensities are within a certain predetermined or selected
range. Thus, it should be appreciated that other known or
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later-developed variations for determining the 1image value
of the current pixel, when the current light source 1s driven
at the light intensity defined 1n the current lighting vector L,
can be used to determine the current image value of the
current pixel from one or more of the acquired base 1images.

Then, 1n step S6135, the current image value determined in
step S613 1s added to the pixel value for the current pixel.
Next, 1n step S617, a determination 1s made whether all of
the designated light sources have been selected for the
current pixel. If all of the light sources for the current pixel
have not been selected, control returns to step S611.
Otherwise, control continues to step S619.

In step S619, the pixel value for the current pixel 1s stored
as the simulated value for the current pixel. Next, 1n step
S621, a determination 1s made whether all of the pixels to be
simulated have been selected. If all of the pixels have not
been selected, control returns to step S607. Otherwise, 1n
step S623, all stmulated pixel values are returned to repre-
sent an 1mage that would be obtained if the part 102 were to
be 1lluminated using the current lighting vector characteris-
tics. Then, 1 step $625, the method ends.

Returning now to a discussion of FIG. 3, FIG. 3 illustrates
an exemplary image and one exemplary embodiment of an
image quality tool 300 usable in conjunction with various
embodiments of the systems and methods according to this
invention. In particular, the exemplary image quality tool
300 shown 1n FIG. 3 1s a dual area 1mage quality tool, as
described 1n greater detail in U.S. application Ser. No.
09/484,897, incorporated herein by reference in its entirety.
As shown 1n FIG. 3, the dual area 1image quality tool 300
includes a first region of interest 310 and a second region of
interest 320 connected by a bar 330.

As described 1n the incorporated 897 application, a user
can manually operate a vision machine 1n training mode. In
this training mode the user can mamipulate the dual arca
image quality tool 300 to ensure that the regions of 1nterest
310 and 320 include the proper portions of the captured
image and/or to ensure that the bar 330 extends across a
critical feature to be measured, such as the edge 350. Once
the user 1s satisfied that the dual area 1mage quality tool 300
1s properly positioned, the user establishes a target value for
the dual area 1mage quality tool 300. This target value 1s
established, for example, by adjusting the light sources until
the user’s subjective evaluation of the image quality 1n the
critical region 1s favorable.

The user then signals the control system 100 to 1ncorpo-
rate the current tool parameters into the part program. In
response, the part program generator and/or executor 170
generates a part program instruction based on the current
state of the dual area 1image quality tool 300. Then, one or
more values corresponding to the image quality or charac-
teristic are determined from the current, subjectively-
favored 1image data. That value then that becomes the stored
numerical target reference value that governs the run-time
lighting adjustments during future automatic execution of
the part program.

However, 1t should be appreciated that various exemplary
embodiments of the systems and methods according to this
invention can be used i conjunction with the dual area
image quality tools as described in the incorporated 897
application. For example, various embodiments of the sys-
tems and methods according to this invention can be used to
replace or assist the user during any or all of the operations
that adjust the light sources, evaluate when the 1mage quality
in the critical region 1s favorable, establish the target value
for the dual area 1mage quality tool 300, and/or signal the
control system 100 to incorporate the current tool param-
cters 1nto the part program.
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Thus, 1t should be appreciated that various exemplary
embodiments of the systems and methods according to this
invention can be used to enhance and/or automate not only
the dual area 1mage quality tool 300, but a wide variety of
other known and/or later-developed 1image analysis tools,
regardless of their apparent operating limitations and/or
manual nature in the absence of the systems and methods
according to this invention.

Further, 1t should be appreciated that the potential of
various exemplary embodiments of the systems and methods
according to this invention for automatic operation, and
relatively high-speed execution, allows the systems and
methods according to this invention to be implemented at
run time, to check and/or adjust for unforeseen conditions
such as unexpected ambient lighting conditions, lighting
system faults, and process-drift or the like, 1f appropriate.
Such applications of the various exemplary embodiments of
the systems and methods according to this invention there-
fore allow an unprecedented level of reliability and robust-
ness to be achieved, particularly with precision automatic
vision systems.

FIG. 7 1s a flowchart outlining a second exemplary
embodiment of a method according to this invention that
uses simulated video data to determine the multi-channel
lighting settings that allow an image having desired image
characteristics to be captured. The exemplary embodiment
outlined 1n FIG. 7 generally corresponds to the exemplary
embodiment outlined in FIG. 4, and the various embodi-
ments outlined m FIGS. 5 and 6 are generally usable 1n
conjunction with the exemplary embodiment outlined in
FIG. 7, and described below. However, the exemplary
embodiment outlined 1n FIG. 7 illustrates further advantages
of speed and flexibility that may be achieved according to
various exemplary embodiments of the systems and methods
according to this invention.

The exemplary embodiment outlined in FIG. 7 1s particu-
larly suitable, for example, to implement an iterative coarse-
fine search technique to reduce one of the most time-
consuming steps of the overall procedure, the actual
hardware data acquisition, to a practical minimum. As the
execution time of the overall procedure 1s reduced, various
exemplary embodiments of the systems and methods of this
invention gain significantly wider utility and advantage,
particularly with regard to automatic operation and run-time
applications.

As outlined 1 FIG. 7, after beginning in step S1200,
control continues to step S1300, where the 1mage region of
interest and/or the 1mage characteristic tolerance value 1s
defined. Next, 1n step S1400, a number of base 1mages are
acquired.

In this exemplary embodiment, based on previous expe-
rience with the vision machine and/or class of object to
imaged, the light sources and/or the light source drive ranges
are selected to be restricted to those sources and drive ranges
which most often produce desirable i1mage results.
Thereafter, each base 1mage 1s generated by 1lluminating the
part 102 using a single one of the various selected light
sources. The selected light source 1s 1nitially driven over the
selected range, at one of a limited number of coarsely-
spaced discrete power levels within the selected range. In
contrast to conventional methods, this approach 1s feasible
because the simulation-based systems and method according
to this mvention can be executed sufliciently rapidly that
there 1s little penalty 1f the acquired data fails to include
support for simulation of the settings which satisty the
requirements for the objective function. In such as case, as
further described below, additional base 1mage data can be
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acquired as needed, without significant delay. Control then
continues to step S1500.

In step S1500, a lighting vector L for the simulated 1mage
1s 1nitialized. The lighting vector L contains one entry for
cach of the previously selected light sources to be used 1n
generating the stmulated 1image, and each entry corresponds
to the stmulated lighting power output by that light source to
determine the simulated image. Then, in step S1600, a
simulated 1mage having one or more of the previously
selected light sources 1lluminating the part 102 1s created for
at least the region of interest, based on combining various
ones of the acquired base images based on the current
lighting vector L, as previously described in various
embodiments herein. Next, in step S1700, the region of
interest I of the simulated image 1s analyzed to determine a
value of an objective function J(I). Control then continues to
step S1800.

In step S1800, a determination 1s made whether the
objective function f(I) is within the selected or predeter-
mined tolerance. If the objective function f(I) is not within
the selected or predetermined tolerance, control continues to
step S1900. Otherwise, control jumps to step S2200.

In step S1900, a determination 1s made whether the
lighting vector L has undergone all modifications which are
expected to be simulated for the present iteration of
simulations, according to the particular coarse-fine search
strategy implemented. It all the expected modifications of L
have been simulated, then the present iteration of the coarse-
fine search strategy has failed. As a result, control continues
step S2000. Otherwise, control jumps to step S2100.

In step S2000, the coarse-fine search strategy 1s carried to
the next level, by refining the data acquisition parameters to
provide additional base images. The additional base 1mages
may be provided by parameters corresponding to additional
light sources, expanded drive ranges, and/or more finely
spaced discrete power levels within the drive ranges, accord-
ing to the particular search strategy implemented. In a least
ceificient scenario according to various exemplary
embodiments, the data acquisition parameters may be set to
acquire data according to the first exemplary embodiment
outlined 1n FIG. 4. Control then returns to step S1400.

In contrast, 1 step S2100, the lighting vector L 1s modi-
fied. It should be noted that, in various exemplary
embodiments, the lighting vector L 1s not modified accord-
ing to a coarse-fine search strategy, but 1s systematically
modified. This 1s done because the associated simulation
process typically executes so rapidly that there 1s little
practical gain to be realized from a coarse-fine search
strategy for the light vector L. However, 1n various other
exemplary embodiments, a coarse-fine search strategy for
the light vector L 1s easily implemented by methods well-
known to those skilled the art. Control then returns to step
S1600.

As 1ndicated above, once the determination in step S1800
shows that the objective function f(I) is within the selected
or predetermined tolerance, control continues to step S2200.
In step S2200, the current lighting vector L 1s returned as a
lighting vector that 1s able to 1lluminate the part 102 such
that an 1mage having the desired 1mage characteristics can
be captured. Then, 1 step S2300, the method ends.

It should be appreciated that, in various other exemplary
embodiments, this second exemplary embodiment of the
systems and methods according to this invention may be
designed for faster execution speed. In this case, the returned
lighting vector may not be fully optimized among all avail-
able alternatives, but may simply be adequate according to
the requirements set for the objective function. It should be
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further appreciated, that i1n the foregoing exemplary
embodiments, the base 1mages are acquired using single
light sources.

However, it should be appreciated that Eq. (1) implies that
it 1s alternatively possible to acquire a set base 1mages using
a plurality of light sources for each such base 1image. Each
such base 1mage may then be decomposed to i1dentily the
contributions of each light source by appropriate analysis of
the set of 1mages. Therefore, it should be appreciated that
such an alternative exemplary embodiments lie within the
scope of this mnvention.

In FIG. 1, the control system portion 120 is, in various
exemplary embodiments, implemented using a programmed
oeneral purpose computer. However, the control system
portion 120 can also be implemented on a special purpose
computer, a programmed microprocessor or microcontroller
and peripheral integrated circuit elements, an ASIC or other
integrated circuit, a digital signal processor, a hardwired
clectronic or logic circuit such as a discrete element circuit,
a programmable logic device such as a PLD, PLA, FPGA or
PAL, or the like. In general, any device, capable of 1mple-
menting a finite state machine that 1s in turn capable of
implementing the flowcharts shown 1n FIGS. 4-6 can be
used to 1implement the control system portion 120.

In FIG. 1, alterable portions of the memory 140 are, 1n
various exemplary embodiments, implemented using static
or dynamic RAM. However, the memory 140 can also be
implemented using a floppy disk and disk drive, a writeable
optical disk and disk drive, a hard drive, flash memory or the
like. In FIG. 1, the generally static portions of the memory
140 are, in various exemplary embodiments, implemented
using ROM. However, the static portions can also be imple-
mented using other non-volatile memory, such as PROM,
EPROM, EEPROM, an optical ROM disk, such as a
CD-ROM or DVD-ROM, and disk drive, flash memory or
other alterable memory, as 1indicated above, or the like.

Thus, 1n FIG. 1, the memory 140 can be implemented
using any appropriate combination of alterable, volatile or
non-volatile memory or non-alterable, or fixed, memory.
The alterable memory, whether volatile or non-volatile, can
be 1mplemented using any one or more of static or dynamic
RAM, a floppy disk and disk drive, a writeable or
re-rewriteable optical disk and disk drive, a hard drive, flash
memory or the like. Similarly, the non-alterable or fixed
memory can be implemented using any one or more of
ROM, PROM, EPROM, EEPROM, an optical ROM disk,
such as a CD-ROM or DVD-ROM disk, and disk drive or
the like.

It should also be understood that each of the circuits of the
control system portion 120 shown i FIG. 1 can be 1mple-
mented as portions of a suitably programmed general pur-
pose computer. Alternatively, each of the circuits shown 1n
the control system portion 120 of FIG. 1 can be implemented
as physically distinct hardware circuits within an ASIC, or
using a FPGA, a PDL, a PLA or a PAL, or using discrete
logic elements or discrete circuit elements. The particular
form each of the circuits shown 1n the control system portion
120 of F1G. 1 will take 1s a design choice and will be obvious
and predictable to those skilled in the art.

Moreover, the control system portion 120 can be 1mple-
mented as software executing on a programmed general
purpose computer, a special purpose computer, a micropro-
cessor or the like. In this case, the control system portion 120
can be implemented as a routine embedded 1n the vision
system 100, as a resource residing on a server, or the like.
The control system portion 120 can also be implemented by
physically incorporating it into a software and/or hardware
system.
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While this mvention has been described mn conjunction
with the exemplary embodiments outlined above, 1t 1s evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled 1n the art. Accordingly, the
exemplary embodiments of the invention, as set forth above,
are 1mtended to be 1llustrative, not limiting. Various changes
may be made without departing from the spirit and scope of
the 1nvention.

What 1s claimed 1s:

1. A vision system comprising:

a controllable lighting system:;

an 1maging system; and

a light mtensity control system, wherein:

the light 1ntensity control system 1s operable to deter-
mine a prescribed illumination setting usable to
achieve a desired 1mage characteristic in a region of
interest to be 1maged by the vision system, the
prescribed 1llumination setting determined based on
a plurality of actual images corresponding to actual
illumination settings; and

wherein the prescribed illumination setting 1s deter-
mined based on evaluating at least one combination
of at least two of the plurality of actual images, and
at least one combination of at least two of the
plurality of actual images comprises a simulated
image.

2. The vision system of claim 1, wherein the at least one
combination of at least two of the plurality of actual images
comprises an interpolated 1mage obtained by interpolating
between the 1mage values of corresponding pixels included
in the at least two of the plurality of actual 1mages.

3. The vision system of claim 2, wherein the at least one
combination of at least two of the plurality of actual images

comprises a simulated 1mage.
4. The vision system of claim 3, wherein:

the prospective 1llumination setting comprises a lighting,
vector; and

the prescribed illumination setting comprises a lighting,
vector selected based on an evaluation of the at least
one combination of at least two of the plurality of actual
Images.

5. The vision system of claim 4, wherein the evaluation of
the at least one combination of at least two of the plurality
of actual 1images comprises an analysis of the at least one
combination of at least two of the plurality of actual images
that indicates whether the combination achieves the desired
image characteristic 1n the region of interest.

6. The vision system of claim 1, wherein each of the
plurality of actual images corresponding to actual illumina-
fion settings comprises at least the region of interest.

7. The vision system of claim 1, wherein the controllable
lighting system 1s controlled based on the prescribed 1llu-
mination setting.

8. The vision system of claim 1, wherein the prescribed
1llumination setting 1s used when acquiring an 1mage 1nclud-
ing at least the region of interest.

9. The vision system of claim 1, wherein the light inten-
sity control system 1s operable by at least one of manual
control of the vision system by a user, and automatic control
of the vision system under the instructions of a program.

10. The vision system of claim 9, wherein the light
intensity control system 1s operable to determine at least one
prescribed 1llumination setting during automatic control of
the vision system under the instructions of a program.

11. The vision system of claim 10, wherein the at least one
prescribed 1llumination setting determined during automatic
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control of the vision system under the instructions of a

program 1s used to at least one of control the controllable

lighting system and compare a current 1llumination setting to

a comparable previously-determined 1llumination setting.
12. The vision system of claim 1, wherein:

the light intensity control system 1s part of a general
computerized control system of the vision system, the
general computerized control system further compris-
ing a control mstruction generation system,;

the light intensity control system 1s operable by the
control 1nstruction generation system; and

the control instruction generation system generates at
least one of a part program, an inspection program
control instruction, and a controllable lighting system
control instruction based on a prescribed 1llumination
setting determined by the light intensity control system.
13. The vision system of claim 12, wherein:

the control instruction generation system includes at least
one 1mage analysis tool; and

at least one of a desired 1mage characteristic and a desired
region of interest 1s defined according to at least one
characteristic of an associated one of the at least one
image analysis tool.

14. The vision system of claim 1, wherein the controllable
lighting system comprises at least two of a stage light, a
coaxial light, a ring light and a programmable ring light.

15. The vision system of claim 1, wherein the controllable
lighting system comprises a plurality of differently colored
light emitting elements of a single light device.

16. A method for determining a prescribed 1llumination
setting for a vision system having a controllable lighting
system, the prescribed i1llumination setting usable to acquire
a desired 1mage, that has a desired 1mage characteristic 1n a
region of interest, the method comprising;:

obtaining a plurality of base images of at least the region
of interest, each base 1mage comprising an actual image
corresponding to an actual illumination setting;;

determining, for at least the region of 1nterest, a stmulated
image result based on a current prospective 1llumina-
tfion setting and at least one of the base 1images;

cvaluating whether the simulated 1mage result corre-
sponds to a desired 1mage;

modifying the current prospective illumination setting at
least 1f the simulated 1mage result does not correspond
to the desired 1image; and

repeating the determining, evaluating and modifying steps
until at least one simulated 1image result corresponds to

the desired 1mage.
17. The method of claim 16, wherein:

the controllable lighting system comprises a plurality of
light sources; and

obtaining the plurality of base images of at least the region
ol 1nterest comprises:
selecting one of the plurality of light sources; and
driving the selected light source at at least one selected
light 1ntensity value, each selected light intensity
value corresponding to a respective base 1mage.

18. The method of claim 17, wherein driving the selected
light source at at least one selected light intensity value
comprises driving the selected light source at a plurality of
discrete light intensity values in a selected range.

19. The method of claam 18, wherein the plurality of
discrete light intensity values in a selected range comprises
less than 8 discrete light intensity values.

20. The method of claim 18, wherein obtaining the
plurality of base 1images comprises selecting each of at least
two of the plurality of light sources.
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21. The method of claim 18, wherein each current pro-
spective 1llumination setting comprises a lighting vector, the
lighting vector comprising at least a light intensity value for

cach light source included in the lighting vector.
22. The method of claim 21, wherein:

the simulated 1mage result 1s determined for a selected
plurality of pixels to be simulated; and

determining the simulated 1mage result comprises:

identifying a current one of the plurality of pixels to be
simulated,

selecting at least one base 1mage corresponding to
1llumination by a current light source included 1n the
lighting vector,

determining an 1mage value to combine into the total
image value for the current pixel based on the
sclected at least one base 1mage corresponding to
1llumination by the current light source and the light
intensity value for the current light source in the
lighting vector,

combining the image value 1mnto a total simulated 1mage
value for the current pixel, and

repeating the identifying, selecting, determining, and
combining steps such that the total 1mage value for
cach of the selected plurality of pixels to be simu-
lated includes the combined 1image values of at least
the light sources included in the lighting vector
which have a non-zero light intensity value.

23. The method of claim 22, wherein:

the selected at least one base 1image comprises at least two
base 1images corresponding respectively to at least two
discrete light intensity values for the current light
source; and

determining the 1mage value to combine into the total
image value for the current pixel comprises determin-
ing the 1mage value to combine into the total image
value for the current pixel by one of interpolation and
extrapolation, based on the 1image values for the current
pixel 1n the selected bases 1mages, the light intensity
values for the current light source 1n the selected base
images, and the light intensity value of the current light

source 1n the current lighting vector.
24. The method of claim 16, wherein:

the method comprises a number of iterations;

obtaining the plurality of base 1mages comprises obtain-
ing a first plurality of base 1mages during a {irst
iteration and at least one additional base 1mage during
cach subsequent 1teration;

the current prospective illumination setting comprises one
of a current series of 1llumination settings correspond-
ing to a current iteration; and

repeating at least the determining, evaluating and modi-
fying steps until at least one simulated 1image result
corresponds to a desired 1image comprises:
repeating the determining, evaluating and modifying

steps corresponding to the current iteration until one

of:

at least one simulated 1mage result corresponds to a
desired 1mage, or a simulated image result has
been evaluated for each 1llumination setting 1n the
current series and no evaluated simulated 1mage
result corresponds to a desired 1image, and

performing, 1f no evaluated simulated 1image result
corresponds to a desired 1image, a subsequent
iteration comprising the obtaining, determining,
evaluating, modifying and repeating steps, until at
least one simulated 1mage result corresponds to a
desired 1image.
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25. The method of claim 16, wherein:

modifying the current prospective illumination setting at
least 1f the simulated 1mage result does not correspond
to a desired 1mage comprises modifying the current
prospective 1llumination setting only 1f the simulated
image result does not correspond to a desired 1mage
comprises; and

the current prospective illumination setting corresponding,
to the one simulated 1mage result that corresponds to a

desired 1mage 1s the prescribed 1llumination setting.
26. The method of claim 16, wherein:

modifying the current prospective illumination setting at
least 1f the stmulated 1mage result does not correspond
to a desired 1mage comprises modifying the current
prospective 1llumination setting 1f one of:

the simulated 1mage result does not correspond to a
desired 1mage comprises or until a simulated 1mage
result has been evaluated for each prospective 1llumi-
nation setting 1 a prescribed series of prospective
illumination settings; and
choosing, 1f more than one prospective 1llumination

setting corresponding to a desired i1mage 1s
1dentified, the prescribed illumination setting to be
the prospective 1llumination setting corresponding to
the best result for the desired 1mage characteristic.

27. The method of claim 16, further comprising control-
ling the controllable lighting system based on the prescribed
illumination setting to acquire the desired 1mage.

28. The method of claim 16, wherein the desired image
characteristic comprises at least one of a contrast, a
brightness, and a gradient value corresponding to an edge
feature 1included 1n at the region of interest.

29. Arecording medium that stores a control program, the
control program executable on a computing device, the
computing device couplable to a vision system, the control
program including instructions for determining a prescribed
illumination setting for a vision system having a controllable
lighting system, the prescribed illumination setting usable to
acquire a desired 1image that has a desired 1mage character-
istic 1n a region of interest, the instructions comprising:

instructions for obtaining a plurality of base images of at
least the region of interest, each base 1image comprising
an actual 1image corresponding to an actual 1llumination
setting;

instructions for determining, for at least the region of
interest, a stmulated 1mage result based on a current
prospective 1llumination setting and at least one of the
base 1mages;

instructions for evaluating whether the simulated 1image
result corresponds to the desired image;

instructions for modifying the current prospective 1llumi-
nation setting at least if the simulated 1mage result does
not correspond to the desired image; and

instructions for repeating the determining, evaluating and
modifying instructions unftil at least one simulated
image result corresponds to a desired 1image.

30. A carrier wave encoded to transmit a control program

to a device for executing the control program, the device
couplable to a vision system, the control program including
instructions for determining a prescribed illumination set-
fing for a vision system having a controllable lighting
system, the prescribed i1llumination setting usable to acquire
a desired 1mage, that has a desired 1mage characteristic 1n a
region of interest, the instructions comprising:

instructions for obtaining a plurality of base 1mages of at
least the region of interest, each base 1image comprising
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instructions for modifying the current prospective 1llumi-

an actual image corresponding to an actual 1llumination
nation setting if the simulated 1mage result does not

setting;

instructions for determining, for at least the region of correspond to the desired image; and
Interest, a s1'mula'ted mage _feSUlt based on a current instructions for repeating at least the determining, evalu-
prospective 1llumination setting and at least one of the 5 ating and modifying steps until at least one simulated

base 1mages; image result corresponds to the desired 1mage.

instructions for evaluating whether the simulated 1mage

result corresponds to the desired 1mage; £k ok k%
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